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THEFORMATIONOF ICEUPONEXPOSEDPARTSOF

AN AIRPLANEINFLI~HT.

By ~homasCarrollandWm.H. Mf3Avoy.

,

Thefozmationof iceupon the,~i.ngsand o~h~rexPcIsedParts . _

of ~ ai,rpl~ein flighthas presenteda hazardwhichhas10il~

beenappreciated.Experiences

ingthelastyearhavefocused

worlduponit andhavebrought

whichhavebeenencountereddur- .-

theattentionof theaeronautic~ .

forwarda demandformoredefi-

niteknowledgeas to thecharacter,thecauses,andthepossible

mews ofpreventionof thishazard,

TheNationalAdvisoryCormnitteeforAeronauticsjat the

requestof theArmyandNavyjis coordinatingandgatheringall

theinformationin regardto actualaccidentalexperiencesand ..-

further,haswithsomesuccess,soughtandexaminedthephenome-——

na experimentally.

Informationwhichhasbeenobtainedfroma largenumberof

pilotswho”ha’veencounteredthisiceformationidentifiesthe .

conditionsas follows:A conditionof highhuaiditY)‘suallY -_

heavyfogwhich,moreoftenin theformOf c~oud~~eitherbroken

cumulusclouds,strataformation,or

mustbe encounteredat a temperature

twobelowthefreezingpoint,32°F.

a conditionof actualrain, ..—

motmorethana degreeor .-

Theformationof icehas- ._
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beenreportedby someat temperatu~esconsiderablybelow32°F,

butthesereportsinviewof a

as definiteexperirnenta..ldata,

tionwhichin formationandin

preponderanceof evidenceaswell‘

appearto be of a secondarycondi-

consequenceareconsiderablydif-

ferentfromtheconditionencounteredat,ornear32°.

Thesemanyreportswhichc’omein thegreatestnumbersfrom _

airmailpilotswhoby thenatureof theirworkareforcedinto

or throughconditionssimilarto thosedesczibedabove,indicate

thattheDH-4airplane,eitheron accountof itsmoreextensive —
use or possibly

conditions,has

mentof greater

firstevidences

on accountof a peculiaxsusceptibilityto the

encounteredthephenomenamoxeoften. Theele-

susceptibilityappearsto be confirmedby the

of iceformationappearinguponroundwireswith

whichthisairplaneis equipped.Theincreasein frontalarea .

andconsequentincreqseinparasiteresistanceandtheconse-
.

quencesthereofarediscussedlater.

Whenen airplaneencountersrainor heavyfogat a temper-

atureof 32°F.minusonlyoneor twodegrees,theconditionsare

idealfortheformationof ice. Theiceformsrapidlyandthe

continuationof itsforinationisdependentonlyuponthemainte-

nanceof theconditions,withan”almostcertainreductionin

flyingefficiencywhicheventuatesin a forcedlandingwithina

periodof timewhichis onlydependentupontheprevalenceof .

theconditions,probablyinno caselonger’thanonehour,while

i.nothercaseswheretheconditionsof highwatercontentof the
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air,a temperaturejustbelowfreezingandan @-ready

conditionof theairplane,a lapseof onlyfifteenor

uteswouldbe sufficientto forcetheairplanedown.

overloaded

twentymin-

A conditionispossible,thoughprobablylessfrequent,in

whicha warmerstratumof airis foundat an altitudehigherthan

thatat whichtheairplaneis flyingandfromwhichrainfalls

intoa lowerstratumof lowertemperature,32°or less,within

whichtheairplaneis flyiilg.Theconsequencesof thesecondi-

tionsarepracticallythesameas intheothermoregeneralcase.

It isgenerallyreportedthattheformationof iceunder

theidealconditionswhicharementionedaboveaPPe=s firstuP- ..__

on wires,theforwardedgeof strutsandtheleadingedgeof

wingsaccompaniedonlysli”ghtlylessfrequentlyby similarfor-

mationson theleadingedgeof thepropellerbladesanduponthe

bossesof thepropelleraiidfinallyuponthefuselageitselfand

thetailsurfaces,althoughit ishighlyprobablethatthefor-

mationuponthetailsurfacesis almostcoincidentalwiththat

uponwings.

Theamountof the

entupontheextentof

thetimeinwhichthey

amountthrou@ a range

formationappearsto be entirelydepend-

theconditionsnecessaryto formiceand

prevail.Reportsvaryin regardto this

of from~ thinfilmto a thicknessof

threeor fourinches,thelatterconditionbeingconsidered

some?vhat,exaggerated.Authenticandreasonablereportsofup

—

-—
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inchthicknesson theleadingedgeof —

wingsP.ndstrutsarefoundandarefeltto be thereasonablecon- _

sequencesof a reasonablelengthof timeundertheconditions

as abovesetforth. Theshapesof theseformationsaremost

generallyreportedas a shellor crownof iceformedat ornear

theenteringedgee.nd,taperingoffrapidlyto nomore thana

relativelythinfilmaccompaniedinmanycasesby secondaryfor-

mationof fringe-likeiciclesalongthetrailingedgeof the

wing. TQegeneralformationappearsto be similarto thatshown

in Figure1,

In order

consequences,

to experimentallystudytheconditionsandtheir

theNationalAdvisoryCommitteeforAeronautics

equippedan airplane

namicshapessimilar

thestudy(Fig.2).

withsmallauxiliarysurfacesandaerody–

to struts,wires,Pitothedds,etc.,for

Thisairplanewasflownto sn altitude

wherea temperatureof 32°F.wasencountered,at suchtimesas

cloudformationscouldbe foundat thecoincidentaltitude.

Hereit wasdiscoveredthaticeformedrapidlyin conformity

withreportedexperiences,in regard to quantity,character,

~hape,andrapidityof formation,

An“examinationof thisconfirmatorydataindicatesthatthe

weightof icecollectedCaIIverypossiblybe sufficientto force

theairplaneto rapidlylosealtitudeon accountof thein-

, creasedloads,but it is’morerea~ilyevidentthatthemalforma-

tionof theaerodyn~icshapesmayso increasethedra&andre-
.
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ducetheliftas toproducea lossof ~titudeevengreaterin

consequence,thecombinationof thetwoworkingin thesamedi-

rectionhavinga doubleeffect.

Thegeneralshapeof thedepositappearsto be verysimi-

larto thatillustratedin Figure1,

ingandridgedeffectto theareain

wingchordalongtheuppersurface.

witha considerableroughen-

thelasttwo-thirdsof the

Theformationon roundand

streamlinedshapesis similarto thatshowninFigure3. It is.

alsoobviousthatan airplanesimilarto theDH-4vfnichhashigh

parasiteresistance,ismoresusceptibleto theconditionsthan

wouldbe a purecantilevermonoplanetypeinwhichparasitere-

sist~ceis at a minimum,theincreasebeingdueto themalfor-

mationof theaerodynamic

illustratedinFigure3.

shapesof theparasiteresistanceas

It ispossiblethatansleof attackandflightspeedmay

‘navesomeeffectupontherapiditywithwhichiceforms. It ap-
.

pears,however,thatthisis small.

Thelossof instrumentoperationdueto cloggingof air

speedlinesandtheventuriof thebankandturnindicator,etco,

withiceis a.coincident,andserioushazard,sinceon account

of thenatureof theserologicalconditions,instrumentdirected

flightisnecessarytomaintaina course.Theinterferenceto

the functioningOf thecontrolsurfacesby freezingox clogging

.-

of controlhingesor exposedpulleysis possiblealthoughno

definiteor considerableamountof evidencehasbeenpresented
.
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of thisoccurrence.It appearscettainthatthecontinuation

of theflightwouldbe impededby theotherca,usesheforct-his

interferencein controlwouldbecomeimportant.
\

Thaticemay formuponthepropellerwhilein fli~htis

definitelyestablished.Thi~is substantiatedby reliablere-

ports,althoughithasnotbeenobservediiltheexperimentxat .
LangleyField.

Theamountsof icedeposedon thepropellerarevaryingin .—
thickness,butit is certainthatundersomeconditionstkeymay

envelopnotonlythebladetip,butevenas faras to include

thepxopellerbossor spinnerwhereirrebwlar

observed.

Ithasbeenthoughtthatthecentrifugal.

depositshavebesn

forcewouldserve

to offsetanytendencytowarddepositupon-tImpropeller,but

thisis apparentlyerroneousandtheexplanationhasbeenad-

vancedthatit is dueto theinstantaneousnatureof theforma-

tionwhichis accountedforby thefactthatwaterin theliquid

stagemaytieen-counteredin theairat temperatureslowerthan

thenormalfreezingpoint. Thisphenomenaispermittedby the

factthat“thesmalldropletsof waterareumicrconsiderable

pressuredueto thesurfacetension of theliquid,thetempera-

turethenbeingbelowthefreezingpoint. Immediatelythesur-

facetensionis brokenby strikingthepart~of theairplane,

thetransitionto thesolidstateis instantaneous.Indeed,.
thismaybe thesolutionof thephenomenai,nso faras theirreg-



.

.
N.A.C.A.TechnicalNoteNo.293 ~

ularshapeof thedepositupont-hewingsandothersurfaces,the

transitionbeingsorapidas to preventthewaterin itsfluid

statefromfollowinsa streamlineshapeandproducingtheirreg-

ular‘Imushrooml{shapeswti.ichhavebeenobserved.

In theflightswhichhavebeenmadeby theNationalAdvisory

CommitteeforAeronautics,conditionsof a,differentnaturewith

differentconsequenceshavealsobeenencountered.These,in

general,constitutea conditionof cloudsat temperatures10°or

more,below32CF. In theseconditionstheformationof icewas

againfound,siailarin somewaysbut in.general,verydifferent

fromtheconditionsat 32°F. Thisappearsas a formationof

softericeor snow,alongtheleadingedgesof theexposedp,arts.

Thequantity
. adherenceto

windagpearsi

is considerablylessas thereappearsto be less

thepartsof theairplane,andtheactionof the

to notonlycutthemdovminqu,antity,but alsoto

forma betterstreamlineshapewhichhas a les~erincreasein

drag,if anyat all. As a matterof fact,it ispossibleto

conceiveen improvementof theaerodynamicshapesdueto this

deposition.Theconditionsacefoundwadtheconsequencesare

the saaewhetherupons’~rutsor wires,or uponwings(Fig.4).

A numberof meansofprevention.or rmoval of thisicefor-
—

mation‘navebeensugge~tedandmanyhave“teentried,althoug’h

● theresultsof suchtrialarelaxfromcompletion.Theseinclude

methodsofheatingtheaifectedparts,theoilingor greasiilgof
i

thepartsto reducethetendencyof theiceto adhereto the

.
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andtheimpregnationof thisoilor greasewitha chem- ..—
icalwhichwouldunitewiththewaterto forma solutionhaving

a lowerfreezingpoint.

Theoilingor greasingof thewingsbeingthemostsimple —
expedient,hasbeenmostfrequentlytriedanditsefficacy$OCS

not appearfromthehistoryof itstrial.to be of anyvalue. .-
As a.matterof fact,evidenceis foundof opinionsthatithas-

tenedtheformationof theice, An explanationof thisphenom-

enamaybe foundin that,whilea greasedor oiledsuxfacewould

normallyshedwater,undertheconditionof flightthroughzain

or fog,thesurfacesaxebombardedwithparticlesor dropsof

water‘ata velocityequivalentto theflightSpeedof theair-

pltiewhichis sufficientmomentarilyto embedthedropof water

in theoilysurfaceswhereit isheldforthesmallperiodof

timenecessaryforitto freeze.Icethenmaycontinueto form

on thisfilmof iceuntileventuallytheoilis completelycov-

eredwitha filmwhichmay be anchoredeitherto theoilor by

theforceOf thebombartientto thesurfaces“ceneaththeoils

Themethodcannotbe consideredseriouslyinviewof reported “._

evidenceandexperimentalinformationinwhichicehasbeenob-

servedin a thickcoatovera largeareaof oilon the”fuselage

whichwasprovidedaccidentallyby leakagefromtheengine.

Theadditionof a chemicalto theoilor greasemaybe of

merit, Ithastheobviousdisadvantage,however,of being

“messy”and might possiblybe to a greatextentremovedby the
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scrubbingactionof thehighvelocityIIrainl!ifmaintainedfor

anylengthof time. .
Thepossibilityofheatingthesurfacesappearspossibleby

pipingtheexhaustthroughtheleadingedgesof thewing.“This

methodapparentlyhaspromiseonlyinthecaseof a cantilever“

‘monoplaneor of suchotherstructurehavinga minimumof exposed

structuralparts. Itwouldbe necessarilyimpossibleto apply

sucha mcihodto an airplanesimilarto a DH-4on accountof the

largeamountof struts,wires,etc. Suggestionhasbeenmade

thatonlya slightamountof heatappliedto theleadingedge .
of thewingmightbe sufficienttopreventiceformationand

thisis probablytrue,althoughitmaybe attendedby onlya

changeintheamountandcharacterof theformation,thatis, ~..

if theleadingedgewereheatedandthebalanceof thewingwas

not,itmightonlypreventthe formation,alongtheleadingedge

andcausethisformationto buildup alongthechordat other .-
pointsandparticularlyat thetrailingedgewheretheaerody-

namicmalformationmight possiblybe onlyslightlylessdisad-

vantageous.

In conclusion,it is evidentthatwhen

mustbe encompassed,thatif it ispossible

theseconditions

to riseto a higher,

colderaltitudetheymaybe avoidedalmostequallyas wellas

descendingto a lowerandwarmeraltitude.Thisalternative

avoidancehastheobviousdisadvantagethatit willnotbe ef-
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fectivemftertheformationof icehasprogressedto anydegree;

perhapsevenif ithesbegunat all,but ithasthegreater ___

advantagein thathigherandcolderaltitudesarealwaysavaila-

blewhereaslowerandwarmercltitudesmightnotexist,as in

thecasewherethegroundtemperatureisbelow32°.

Thereco~~endationforthe~~i&~ceof thosewhomusten.

countertheseconditionsappearsto lieentirelyalongthelines .

of theiroxoidcance.Fortheinformationof thepilot,a temper-

aturethermometerof a distancetypeshouldbe installedin all

airplanesindicatingfroma reuote“bulb”on a strutor wing

of theairplanethetemperatureof thesurroundingatmosphere.

He may thenbe guidedto avoidthecombinationof conditions

whichproducethegreaterhazardashasbeenoutlinedin this ___

note.

LangleyField,Vs.,

May22,1928.
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